ABSTRACT:
INTRODUCTION

46
The main functions of white adipose tissue (WAT) are to store lipids and secrete 47 metabolic regulators of adipokines and cytokines. Dysfunctional adipose tissue, characterized by 48 reduced adipogenesis and increased cellular senescence and inflammation, commonly associates 49 with obesity and aging (52). Adipose tissue dysfunction impairs lipid storage and dysregulates 50 production of adipokines and cytokines, leading to metabolic derangement, adipose tissue 51 inflammation, insulin resistance, and type 2 diabetes (3, 12, 15, 26) .
52
Adipogenesis relies on the formation of new adipocytes from adipocyte progenitor cells.
53
Adequate adipogenesis capacity is essential to sequester lipids in adipose tissue, which protects 54 against the ectopic fat deposition and the development of insulin resistance (37, 38, 46) .
55
Adipocyte hyperplasia has been considered as a protective mechanism when compared with 56 adipocyte hypertrophy in terms of the metabolic consequences of adipose tissue expansion (47).
57
In diet-induced obesity, adipocyte hyperplasia (adipogenesis) is impaired. As a result, adipocyte 58 hypertrophy and insulin resistance are developed. Studies in lean and obese subjects have shown 59 that in obese adipose tissue, the number of adipocyte progenitor cells is increased by up to 10 60 fold, while the mature adipocyte number is decreased compared to lean adipose tissue (34, 52) .
61
This observation suggests that there is an imbalance between the formation of new adipocytes 62 and the death of mature adipocytes in obese adipose tissue, leading to a reduction in lipid 63 buffering capacity in adipose tissue. As a consequence, excessive fatty acids are released into the 64 circulation, contributing to the development of ectopic fat accumulation, inflammation, and 65 insulin resistance (25) . Studies also indicate that the decreased total adipocyte number was 66 remained several months after the removal of high fat diet (HFD), indicating that HFD has a 67 long-term impact on the disruption of adipogenesis (34). other metabolic signals and inflammatory insults (1, 14, 33, 41) . Some common features of 74 senescent cells include the activation of p53 and p38 MAPK signaling pathways, senescence-75 associated secretory phenotype (SASP) and increased β-galactosidase activity and ROS 76 production (16, 21, 22, 58 intestinal microbial profile and increases intestinal permeability, leading to increased production 88 and leaking of lipopolysaccharide (LPS) (7). As a consequence, the plasma levels of LPS are 89 mildly increased, which is hypothesized to mediate HFD-induced metabolic disturbance (7, 8) .
90
In addition, LPS levels were also found to be increased in the circulation in aged humans (23).
5
Emerging evidence has indicated that LPS binds to the Toll-like receptor 4 and has a profound 92 impact on white adipose tissue biology, including inducing inflammation, disrupting lipid 93 metabolism and promoting insulin resistance (54, 59 inflammation, lipid metabolism and adipogenesis (13, 17, 20, 27, 43, 55) . The effect of LPS on 107 the intrinsic differentiation potential of adipocyte progenitors using primary inguinal SV cell 108 cultures which reflect better the physiological conditions has not been previously reported.
109
In this study, we explored the impact of LPS on the intrinsic adipogenic capacity as well 
MATERIALS AND METHODS
117
Animals
118
C57BL/6 mice purchased from Jackson Laboratory were housed in specific pathogen-free 119 facility at the University of Minnesota. Animal handling followed the U.S. Piscataway, NJ, USA) was used to detect antibody reactivity.
150
Relative quantitative real-time RT-PCR
151
Total RNA was extracted from cells using the Trizol method (Invitrogen, Carlsbad, CA,
152
USA) according to the manufacturer's instructions. cDNA was synthesized from DNase-treated 153 RNA (3µg) using a Superscript II reverse transcriptase kit (Invitrogen, Carlsbad, CA, USA).
154
Real time-PCR was performed using SYBR Green qPCR Master Mix (Qiagen, MD, USA) with 155 an ABI Step One Plus real-time PCR System (Applied Biosystems, Foster City, CA, USA).
8
Primer sequences are provided in Table 1 . Results are normalized to TBP using the ΔΔC t method 157 and presented as levels of expression relative to that of controls.
158
Senescence Associated-β-Galactosidase activity Assay
159
Senescence associated-β-galactosidase activity was determined by using commercially 
Hydrogen Peroxide Assay
174
Hydrogen peroxide level in cell lysate was determined by using Amplex Red Hydrogen PPARγ is the master regulator of adipogenesis, we measured its expression during differentiation. (Fig. 2A) . Consistently, LPS treatment led to an 222 increase in senescence-associated β-galactosidase activity (Fig. 2B ) and β-galactosidase positive 223 cells (Fig. 2C) as well as an upregulation of C/EBPβ protein expression in SV cells (Fig. 2A) . In 224 addition, the phosphorylation of p38 MAPK and NF-κB p65 was increased ( Fig. 2A) , so was 225 H 2 O 2 production in 24h LPS-treated SV cells (Fig. 2D) . Moreover, LPS-treated SV cells 226 exhibited significant SASP, as demonstrated by a marked increase in the mRNA expression of 227 TNFα, IL-1β, IL-6, MCP1 and VEGFα when compared with control cells (Fig. 2E) . We next suggesting that LPS induces senescence via a telomere-independent mechanism.
RESULTS
195
Short-term exposure of inguinal SV cells to LPS reduces adipocyte differentiation
235
LPS inhibition of adipogenesis is NF-κB independent
236
We explored the molecular pathways that possibly mediate LPS inhibition of 237 adipogenesis. Inflammation has been known to play a role in regulating adipocyte differentiation.
238
We then investigated the role of cellular inflammation in mediating LPS inhibition of adipocyte 239 differentiation. First, we determined whether LPS induces persistent cellular inflammation which 240 may lead to the inhibition of adipocyte differentiation. As shown in Fig. 2A , LPS treatment from 241 day -1 to 0 significantly induced the activation of NF-κB p65 in SV cells when examined on day 242 0. However, the activation of NF-κB by LPS was resolved quickly. One day or 7 days after the 243 removal of LPS, NF-κB p65 phosphorylation was not different anymore between control cells 244 and cells with LPS treatment during day -1 to 0 (Fig. 3A) . Similar results were perceived with 245 the mRNA expression of TNFα, IL-1β and MCP1 (Fig. 3B) . Only the expression of IL-6 on day1 Fig. 4D ) and adipogenic gene expression (Fig. 4E) . These results suggest that LPS effect on the 261 early stage of adipogenesis is at least in part independent of NF-κB signaling pathway activation.
262
LPS regulates the expression of preadipocyte differentiation genes in SV cells
263
Since LPS was removed before the induction of differentiation, the possible mechanism 264 for its anti-adipogenic effect could be due to its impairment in the intrinsic adipogenic capacity (Fig. 5A) . Moreover, our 274 results showed that Bay 11-7082 had no effect on LPS-induced reduction in Zfp423 expression 275 in SV cells (Fig. 5B) . Additionally, we determined if restoring PPARγ activity can reverse LPS (Fig. 5D and 5E ), without affecting 280 Zfp423 expression (Fig. 5B) . However, Rosiglitazone was not able to suppress the LPS-induced 281 upregulation of cytokine gene TNFα and IL-6, but it did significantly inhibit LPS-induced HIF1-282 α and VEGFα expression (Fig. 5E ). 
343
Increased C/EBPβ expression by LPS seems to be contradictory to its role in adipogenesis. 
353
The inhibitory effects of inflammatory inducers such as LPS, TNFα and macrophage-354 conditioned medium on adipocyte differentiation when they are added during the adipocyte 355 differentiation process have been extensively studied (11, 40, 55) . The mechanism for the effect 356 of proinflammatory factors on adipogenesis is largely speculated to be through the direct 357 activation of NF-κB pathway, which in turn reduces PPARγ activity during adipocyte 358 differentiation process (11, 40, 55) . Therefore, we determined the role of NF-κB signaling indicates that LPS inhibits adipogenesis by disrupting the preadipocyte differentiation which is 403 independent of LPS stimulation of NF-κB signaling pathway and cytokine production.
404
Additionally, LPS induces pre-mature senescence in a telomere-independent manner in 405 adipocyte progenitors. Since plasma LPS levels are increased during HFD feeding and aging, our 
